Two experiments were conducted that demonstrated that a single injection of hydrocortisone 21-acetate (HYD, 25 mg/kg BW) administered to 6-d-old nursing piglets resulted in a twofold elevation (P < .02) of pancreatic amylase within 2 d; activity was unaffected by an injection of 15 IU adrenocortitropic hormone (ACTH)/kg BW (P > .20). Intestinal sucrase and maltase activity tended to be elevated (P < .20) 2 and 4 d postinjection with HYD but returned to normal (uninjected) levels by 14 d of age. The normal decline of intestinal lactase activity was delayed by at least 4 d in response to both hormones (P < .10). Organ weights were not affected by either hormone. In a separate experiment, postweaning mortality was reduced (12 vs 27%) and growth rate was substantially improved by administration of HYD to piglets 4 and 2 d prior to weaning at 14 d of age. Hydrocortisone resulted in a faster rate of gain the 1st wk postweaning for pigs weaned at 21 or 28 d. Subsequent gain by control and HYD piglets weaned on d 21 was similar, but HYD subsequently impaired growth rate of piglets weaned at 28 d of age. Growth rates of control and ACTH piglets were similar at each postweaning period regardless of weaning age (weaning age [lin.] x week postweaning [quad.] x treatment, P < .07). This differential treatment response of daily gain may be due in part to effects on feed intake (weaning age [lin.] x week postweaning [lin.] x treatment, P < .10). We conclude that a single injection of HYD to 6-d-old piglets precociously induces pancreatic amylase and that the sensitivity of piglets to HYD is age-dependent.
1953; Yeh and Moog, 1974 , 1977 . Normal development of the rat exocrine pancreas also is dependent on circulating corticosteroids (Takeuchi et al., 1977; Kumegawa et al., 1980) . Rat intestinal disaccharidases can be induced prematurely by exogenous glucocorticoids (Doell and Kretchmer, 1964; Henning et al., 1975) but only prior to d 17, the time that mature enzyme production normally begins (Henning and Sims, 1979) . Conversely, amylolytic activity can be stimulated by glucocorticoids at virtually all stages of life; it is more hormone-sensitive in suckling than in adult rats (Sasaki et al., 1976; Morisset and Jolicoeur, 1980) .
We have shown that pancreatic amylase of 2-to 4-wk-old nursing pigs is responsive to 2985 hydrocortisone (HYI)) and that the response is dose-dependent (Chapple et al., 1989a,b) . Intestinal disaccharidases in these studies were affected only marginally by HYD. In pigs, therefore, it would appear that the period from 14 to 28 d after birth corresponds to the period in which the rat intestine is relatively insensitive to glucocorticoid stimulation (after d 16). Consequently, the experiments described herein were designed to investigate the temporal changes of carbohydrase activity evoked by a single injection of either HYD or adrenocorticotropic hormone (ACTH) to piglets prior to 14 d of age. Additionally, it was of interest to establish whether the preweaning administration of HYD or ACTH would partially alleviate the nutritional stress imposed on piglets weaned at various ages.
Experimental Procedure
Experiments 1 and 2. Four litters of crossbred nursing piglets (Chester White x Duroc x Hampshire x Yorkshire) were used in each experiment to establish the temporal course of carbohydrase enzyme induction resulting from a single injection of HYD (Exp. 1) or ACTH (Exp. 2) on d 6. Piglets were allotted randomly within litter and experiment to either control (sham-injection) or treatment (hormone-injection) groups. All piglets were weighed immediately prior to injection. Hormones were prepared for injection as described previously (Chapple et al., 1989a) . In Exp. 1, all piglets in the hormone treatment groups received a single i.p. dose of 25 mg HYD/kg BW. Piglets assigned to the hormone treatment in Exp. 2 were injected s.c. with 15 IU ACTH/ kg BW. Sham-injected piglets were treated similarly on d 6 with the respective vehicle solutions.
One piglet from the control group of each litter was killed on d 6, d 10 and d 14 to obtain tissues for enzyme determination. Similarly, one piglet from the hormone treatment group of each litter was killed on d 8, d 10, d 12 and d 14. Tissue extraction and preparation procedures and all enzyme assays were conducted as described previously (Chapple et al., 1989a Statistical Analysis. Enzyme and tissue weight data from Exp. 1 and 2 were subjected to multiple curvilinear regression analysis. Besides a variance term for litter of origin, only the linear and quadratic functions of the independent variable (time after injection) for each treatment group were included in the model. Predicted values for each age and treatment were computed from the regression equations. Residual error terms were used to calculate variances for each pair or predicted values at every time point according to Neter and Wasserman (1974) . The resulting variances were employed in standard t-tests to detect differences between predicted treatment means within each age group. Postweaning gain data from Exp. 3 were subjected to analysis of variance as a completely randomized design using a split-plot model with respect to time (Steel and Torrie, 1970) .
Results

Experiments 1 and 2. The measured and
estimated digestive carbohydrase and liver glutamic-oxaloacetate transaminase (GOT) activities form piglets at each age are presented in Tables 1 and 2 for Exp. 1 and 2, respectively. Pancreatic amylase was elevated nearly twofold (P < .02) within 2 d after the single injection of HYD but was unaffected by ACTH (P > .20). Intestinal amylolytic activity did not parallel pancreatic amylase activity in either experiment. Intestinal amylase was lower (P < .03) for sham-than for ACTHtreated piglets in Exp. 2. However, this treatment difference was a result of activity in ACTH-treated pigs increasing normally, Table 5 . CStandard error of the difference between estimated means of each age. dprobability of a greater T-value associated with the test between control and HYD estimated means at each age. eNS = not statistically significant.
whereas activity in control pigs uncharacteristically (Chapple et al., 1989a) decreased with advancing age. Because of this aberrant response demonstrated by control pigs, we could not conclude that the higher activity measured in treated pigs was in response to a stirnulatory effect of ACTH. Sucrase and maltase activities changed simultaneously with respect to both time and treatment. Total activity of both enzymes tended to be elevated (P < .20) 2 and 4 d after the single injection of HYD (Table 1) but returned to near control levels by 8 d postinjection. Apparently, ACTH prevented the normal increase of sucrase and maltase activity from 6 d to 14 d of age (Table 2) . However, untreated littermate piglets in this experiment had 100% and 40 to 50% greater initial sucrase and maltase activities, respectively, than similarly aged piglets used in previous studies (Chapple et al., 1989a) or those used in Exp. 1. The normal temporal decline of lactase activity was delayed 4 to 6 d by both HYD (P < .10) and ACTH (P < .02) injection. This is opposite the response obtained from the administration of glucocorticoids to older piglets (Chapple et al., 1989a) . Hepatic GOT activity was elevated by HYD (P < .02) injection, but the effect was transient (Table 1) . Injection of ACTH had no effect (P > .20) on GOT levels at any age (Table 2) . Changes in organ weights relative to total BW over time (Tables 3 and 4) were similar to those we have reported previously with respect to piglet age (Chapple et al., 1989a) . Regardless of treatment, the liver, pancreas and adrenals increased weight less rapidly than did the total body in both experiments. When organ weights were expressed per kilogram of BW, HYD (Table 3) tended to elevate pan- The multiple curvilinear regression equations that were used to predict enzyme and organ weight variables of sham-injected and treated piglets at each age are listed in Table 5 . The ordinate intercepts for each variable were in close agreement between experiments and are similar to the values we have reported for 7-d-old piglets (Chapple et al., 1989a) . The relatively large coefficients of determination suggested that the model employed, which included variance terms for litter of origin and the linear and quadratic component of age, accounted for much of the variation for all criteria except pancreatic and intestinal amylase activity. This result lends support to our earlier observations of the high variability in the pancreatic responsiveness to glucocorticoids and in the age at which amylase activity develops (Chapple et al., 1989a) .
Experiment 3. Data from this experiment are listed in Table 6 by weaning age group, injection treatment and period postweaning. Weaning weight increased linearly (P < .01) with age at weaning but was not affected (P > .10) by injection treatment. All pigs weaned at either 21 d or 28 d survived to the conclusion aWhere Y = predicted value, the constant is the ordinate intercept and X 1 and X 2 are age in days minus 6 for control and treated pigs, respectively. bCoefficient of determination. eVadable units are described in Tables 1 and 3. HYD, but the contrast of weaning age x control vs HYD only approached significance (P < .12). Treatment differences in diet consumption closely paralleled those for daily gain (weaning age [lin.] x week postweaning [lin.] x treatment, P < .10).
Discussion
A large increase of unbound plasma corticosterone had been implicated as the triggering mechanism for the digestive maturation process in rats. Subsequently, the intestinal disaccharidases (Henning, 1978a; Henning and Sims, 1979) but not pancreatic amylase (Morisset and Jolicoeur, 1980) become refractory toward glucocorticoid stimulation. We have demonstrated recently in our laboratory that the response of pancreatic amylase and intestinal disaccharidases to exogenous HYD in 14-to 28-d-old piglets is similar to that observed in rats after the maturation process has been initiated (Chapple et al., 1989a,b) . The similarity of response between these two species indirectly suggests that, if the maturitive transformation of piglet carbohydrate digestive enzymes is under the influence of glucocorticoids, the event(s) that trigger(s) that transformation would necessarily occur sooner in postnatal life than we have investigated previously.
Further evidence is provided by comparing the temporal changes of plasma free glucocorticoid in neonates of rats and pigs. Both species exhibit a four-to five-fold increase in free circulating levels that peak at about 16 d of age in rats (Henning, 1978a) but reach a maximum at birth in the piglet (Dvorak, 1972) . These plasma hormone profiles correspond quite closely with the age at which changes in carbohydrase activity normally ensue. Amylase, sucrase and maltase activities are low to undetectable in newborn piglets but begin by 7 d of age, and lactase activity peaks soon after birth but declines (Bailey et al., 1956; Walker, 1959; Hartman et al., 1961; Manners and Stevens, 1972; Aumaitre and Corring, 1978; Corring et al., 1978) . A similar developmental pattern is evident in rats, although maturation is much more abrupt and occurs on approximately d 17 of life (Henning, 1981) .
The intent of the present research was to further delineate any age-dependent effect of aTreated piglets were injected with either 15 IU AC"rI-I/kg BW or 25 mg HYD/kg BW, 4 and 2 d prior to weaning. Control piglets were not injected. All values are means of four observations except the periods 14 to 21 d and 21 to 28 d for ACTHinjected piglets weaned at 14 d, which have two observations. t'Linear (P < .01) increase with increasing weaning age. CWeaning agelinear • week postweaningquadrati c x treatment interaction (P < .07). dWeaning agelinear • week postweaninglinear • treatment interaction (P <. 10).
HYD or ACTH on piglet digestive organs. In the first two experiments, hormonal administration was initiated within the 1st wk of life because this is the period immediately after which endogenous levels peak and any inducfive processes are assumed to occur. Serial measurements of enzyme activity were necessary because Doell and Kretchmer (1964) demonstrated in very young rats that a single hormone dose elicited enzyme induction, but activity levels rapidly declined to baseline values within 5 to 6 d. Alpha disaccharidase activity (sucrase and maltase) was not enhanced by either hormone; this is similar to the absence of response observed in older piglets (Chapple et al., 1989a,b) . Lack of induction refutes the hypothesis that glucocorticoids affect the enzyme developmental process in very young piglet intestine. However, the normal decline of lactase activity was delayed substantially by both HYD and ACTH injection. These results represent a radical deviation from the inverse relationship normally observed between these tx and [3 disaccharidases of developing rodents (Henning, 1981) and supports the suggestion that the timing and(or) mechanism(s) of enzymic maturation may be different between species. Herbst and Koldovsky (1972) showed that cortisol-induced sucrase activity appears first in differentiating crypt cells of rat jejunem and that it migrates along the villi at the same rate as newly formed cells. It also has been demonstrated (Galand and Forstner, 1974 ) that appearance of sucrase and maltase activity following co~tisol treatment in rats is mediated by new protein synthesis and that diminution of lactase activity is a result of protein loss; neither effect is the consequence of proenzyme activation. Because the maturation process of other intestinal enzyme systems occurs at nearly the same age and apparently also is under the influence of glucocorticoids (Garland and Forstner, 1974; Moog, 1979; Henning, 1981) , it would appear that small intestine tissue is stimulated as a whole. These events adequately describe the qualitative shift in enzyme production of rat intestine, presumably by effecting a heritable change in gene expression. In the present studies, glucocorticold administration prevented the normal fall of lactase activity but had no effect on the other disaccharidases. Therefore, the hormonal triggering mechanism described for rats would appear to be an inappropriate explanation of the enzymic changes that occur in piglets at this age.
One could argue that any possible influence of glucocorticoids on induction of the maturation process in piglet intestine already had occurred by 6 d of age. Two pieces of evidence strongly support that argument: 1) sucrase and maltase activity first appear sometime within the 1st wk of life, and 2) serum cortisol concentrations dramatically increase prior to, and peak at, birth. Both reasons are compelling enough to warrant further delineation of the role of glucocorticoids on the maturation process of piglets in utero. However, unlike in rats, in which the simultaneous drop of lactase and increase of sucrase and maltase activities on about d 16 is dependent on glucocorticoids, lactase is detectable in fetal pigs and continues to increase well past the point at which sucrase and maltase first appear. This fact, combined with the stimulatory effect of both HYD and ACTH on lactase activity of 6-d-old piglets, as demonstrated in the present studies, and the known temporal changes in piglet plasma glucocorticoid levels (Dvorak, 1972) , would suggest that cortisol is not the sole initiator of gut maturation in the piglet. It is possible that other hormonal stimuli are required and that the mechanism by which induction occurs is unique to the specific enzyme system. Thyroxine certainly would be a likely candidate for investigation, because in rats, T4 potentiates the induction effect of glucocorticoids on intestinal sucrase (Yeh and Moog, 1975; Henning, 1978b) and pancreatic amylase (Kumegawa et al., 1980) .
In the present study, the twofold increase in pancreatic amylase activity following HYD injection is consistent with the response we have observed in older pigs given much larger doses of the hormone (Chapple et al., 1989a,b) . Unlike in the previous studies, pancreas weight relative to total BW was not greater following HYD treatment. However, pancreas protein content was elevated and specific amylolytic activity was not different in HYD-injected piglets compared with shaminjected controls (data not shown). Therefore, it would appear that HYD administered in an acute, low dosage stimulated specific protein synthesis, and not generalized cellular growth, in the 6-d-old piglet pancreas. Morisset and Jolicoeur (1980) also have demonstrated that, in rats, the pancreatic enzyme response to HYD and mode of action for that response is both age-and dose-dependent. Pancreatic amylase of suckling rats was much more sensitive to HYD stimulation and occurred as a result of both hypertrophic and hyperplastic growth, whereas increased cellular mass appeared to be the only factor responsible for enzyme induction in the less sensitive 35-d-old rat. From the data presented here and previously (Chapple et al., 1989a,b) , it cannot be established whether the apparent difference in amylolytic induction mechanism was an effect of piglet age or a result of dissimilar treatment duration and dosages between experiments. A similar discrepancy between this and previous studies also was observed for the effect of HYD on GOT stimulation and liver weights.
Not surprisingly, piglet intestinal amylase did not reflect changes in pancreatic activity. At this age, the piglet receives very little substrate stimulus for secretion of amylolytic rich pancreatic juice into the duodenal lumen. The lack of pancreatic response to ACTH is less clear. It could be argued that a single injection of ACTH may not sufficiently elevate plasma cortisoi long enough to induce enzyme activity. In this experiment, the amylolytic response to ACTH also was confounded by an abnormally large activity increase between d 6 and d 10 in the sham-injected piglets, followed by a decline in activity measured on d 14 ( Table 2) .
The reported effects of glucocorticoids on food consumption have not been consistent. The daily administration of 15 mg of cortisone/kg BW to rapidly growing, 200-d rats fed ad libitum completely arrested growth but reduced feed intake only by 25% compared with ad libitum-fed control rats (Winter et al., 1950) . However, the treated rats consumed approximately 50% more food than rats limitfed to maintain an equal BW. These results indicated a depressive effect of cortisone on both food intake and metabolic efficiency. Conversely, I~rman and Koldovsky (1979) demonstrated an enhancement of food intake and improved growth immediately following premature weaning of rats (d 15) that had been
